State governments finance their expenditures with multiple tax instruments, so when collections from one source decline, they are typically compensated by greater revenues from other sources. This paper addresses the important question of the extent to which personal and corporate income taxes are used to compensate for sales tax fluctuations within the U.S. states. The results show that one percent increase in the sales tax rate is associated with a half and a third percent decrease in the personal and corporate income tax rates respectively. In terms of tax revenues per capita, the results show that a one percent increase in the sales tax revenue per capita is associated with a 3 percent and a 0.9 percent decrease in the corporate and personal income tax revenue per capita respectively. JEL: H71, H21
Introduction
In the real world we observe countries and states imposing taxes simultaneously on consumption, personal income and corporate income. The literature has successfully developed theoretical models to explain why governments use many taxes and mix them differently (Boadway, Marchand, and Pestieu (1994) , Cremer, Pestieu, and Rochet (2001) , Gentry and Ladd (1994) , Gordon and MacKieMason (1994) , Gordon and Nielsen (1997) , Harmon and Mallick (1994) , White (1983) ). Empirically, an important effort has been devoted to explain the determinants of tax structures, specifically, the economic, administrative and political reasons that lead to the choice of different tax policies.
There is one strand of the literature, for example, that has investigated the tax spillovers from one jurisdiction to another and/or the degree of tax competition among different jurisdictions (Brett and Pinske (2000) , Buettner (2001) , Büttner (1999) , Heyndels and Vuchelen (1998) , Ladd (1992) , Rork (2001) ). However, this line of work has only been used to explore the effects of a change in a specific tax in jurisdiction i on the same specific tax on jurisdiction j (the effect of the change in the sales tax rate in Connecticut on the sales tax rate in New York, for example). A different question is how a change in one specific tax affects the other taxes within the same jurisdiction. If we follow the story of the tax competition literature, we can see how these two different questions are closely related. If one jurisdiction changes one of its tax rates, the competing (neighboring) jurisdiction will change its tax rate, on the same tax, as a response. The magnitude and sign of this response has been extensively investigated by the empirical work of this strand of the literature. However, this is not the end of the story. After the competing jurisdiction has changed its tax rate it may still need to adjust its other tax rates, especially if it wants to keep total tax revenue constant. As a result, the competing jurisdiction will have not only a different tax rate on the same type of tax the first jurisdiction changed, but it will also have a different tax mix than before.
State governments use multiple taxes to finance their expenditures, and even in the case in which there is no tax competition among jurisdictions, they do face some exogenous shocks that might affect the collections from one of these taxes. If the state governments want to keep providing 08 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 year sales tax personal tax corporate tax the same level of public goods and services as before, they must compensate the effects of these shocks changing the revenue collected from other taxes. In this paper I use panel data for the 50 U.S. states to investigate the effects of a change in sales taxes on corporate and personal income taxes within a state. One of the problems a researcher usually faces when doing empirical work with taxes is that governments change taxes rather infrequently. One of the advantages of using state taxes is not only that they provide good cross-sectional variation, but also that there is more variation over time because states do modify taxes more often than countries. Furthermore, in the case of the U.S. states the tax mix they use has been changing quite significantly during the last 20 years. Figure 1 shows the average state tax rates during the period 1980-1998 for the three main taxes used by the U.S. state. As can be seen from the figure, the average tax mix of the U.S. states has been changing over time. The sales tax rate and the top statutory corporate tax rate has been slowly increasing and the top statutory personal income tax rate has been decreasing, even though it has fluctuated more. If the tax revenue per capita collected from different sources is considered, which somehow includes the base of the taxes too, the trend is somewhat different and provides a complementary story to the tax rates mix. Figure 2 shows the average state tax revenues per capita during the period 1980-1998. The revenue per capita collected from corporate income taxes decreased by around one third during the early 80s and has been almost constant since then, even if the average statutory tax rate has been slowly increasing. The revenue per capita collected from personal income and sales taxes has been steadily increasing during this period, the latter more than the former, even though the average personal tax rate has decreased and the sales tax rate has been steadily increasing. 1 Obviously, these figures show just averages and not too many conclusions can be drawn from them, but they show that the average state tax mix has been changing over time and exploring the interdependence of different taxes within the tax mix is the goal of this paper.
The paper continues as follows. Section 2.2 considers the optimal tax problem of a state government when three different taxes can be used and one of them can be imposed on goods that are also consumed by foreign citizens. Section 2.3 describes the data used in the empirical analysis.
Section 2.4 shows and interprets the empirical results, and Section 2.5 concludes.
1 A similar figure for fractions of tax revenues from different sources is reported in the appendix. 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Year $ Sales Tax Personal Income Tax Corporate Income Tax
The State Government Optimal Tax Problem
In the section I use a standard optimal commodity tax model with the purpose of understanding how different taxes are interrelated and how the tax mix is affected when there is an exogenous shock that affects directly one of the taxes used. Even though a commodity tax model is just an approximation to the actual taxes that American states use, it can provide qualitative lessons that allow a better understanding of the empirical results of this paper.
Following the optimal commodity tax literature (Diamond and Mirrlees (1971) , Atkinson and Stiglitz (1972) , Auerbach (1985) ), we can consider a state in which all consumers are identical, they have no exogenous income and take consumer prices p for the n + 1 available goods as given.
The producer prices q are assumed fixed and the good zero is a numeraire with price p 0 = 1. The government may use excise taxes on n goods to raise a fixed required revenue R.
The state government's problem is then to maximize the utility of the representative consumer subject to its revenue constraint and the consumer conditions for utility maximization. This maximization problem can be written as:
The Lagrangian and the first order conditions of this problem are:
Using the envelope theorem to substitute
for −λx i (where λ is the consumer's marginal utility of income), the Slutsky equation, and defining:
as the marginal social utility of income (Diamond (1975) ), equation (4) can be rewritten as:
these n first order conditions can be stacked to have the following system of equations:
where S is the Slutsky matrix excluding good zero. Now, the optimal taxes can be obtained by inverting the Slutsky matrix and multiplying both sides of (7) by S −1 :
If it is assumed that the matrix S is diagonal (all cross-effects are zero), the Ramsey inverse elasticity rule is obtained:
where ε ii = s ii (p i /x i ) are compensated own-price elasticities. Under this assumption, the choice of the untaxed good might be quite relevant, because it may be more reasonable to assume no cross effects among taxed goods when labor is the numeraire than when another good is. As pointed out by Auerbach (op. cit.) , labor (or minus leisure) is usually chosen as a numeraire in most of the models but this does not imply that the government cannot tax labor 2 . We know that state governments do actually tax labor income, and the most common untaxed goods are usually the goods considered "necessities" (food, medicines and clothes). Consider then the case of four goods, where the three taxed goods are labor, consumption and capital, and the numeraire is the consumption of necessities. This is a case in which the zero cross effects assumption might not be a reasonable one, especially between labor and consumption, and, therefore, the optimal taxes are better characterized by the system of equations (8) The analysis up to this point is basically the standard optimal tax theory with a different choice of the numeraire good. Let's consider now two different aspects of the problem. First, I
will introduce consumption by foreign citizens. In an open economy, even if the state governments want to maximize the utility of their own citizens, several goods might be bought and consumed by people who live in a different state 4 and this should affect the optimal taxes. Why is the consumption of foreign citizens relevant? Recall that this paper is about tax interdependence and the main goal is to estimate the effects of a change in a state sales tax on the other taxes within the same state. However, all state taxes are set simultaneously and instrumental variables are needed to consistently estimate these effects. In this context, the role of foreign consumption is just the role of an instrumental variable that allows to identify the coefficient of endogenous explanatory variables. Second, I will consider the optimal solution in terms of revenues instead of tax rates.
The main reason for this, is that state governments can actually change not only tax rates, but also tax bases. The relevant parameter that states may consider then, when setting their tax policies, 3 The three main taxes used by the U.S. states are sales, personal income, and corporate income. The use of an optimal commodity tax framework might not be the most appropriate for corporate income taxes, but the goal of the paper is to show and estimate the interdependence of different state taxes and this model must be understood, as in Mirrlees (1975) , just as an approximation. 4 We can think of tourism or cross-border shopping as the main reason for this to happen.
is the fraction of revenue or the revenue per capita they collect from each different tax.
Considering again the case where the three taxed goods are labor, consumption and capital, and the numeraire is the consumption of necessities, where, now, consumption goods can be bought also by consumers from out of the state. The state government problem can be written as:
s.t.
where x 1 and x f 1 are quantities of good one purchased by domestic and foreign residents respec-
, the fraction of good 1 purchases by foreign citizens, this problem can be rewritten as:
The Lagrangian of this problem and the first order conditions characterizing internal choices of t 1 , t 2 , and t 3 are:
Using the Slutsky equation, the envelope theorem to substitute
for −λx i (where λ is the consumer's marginal utility of income), and defining:
as a modified marginal social utility of income, equations (13) and (14) can be rewritten as:
The left-hand side of these equations can be interpreted as the compensated change in the demand for good i, meaning a change in the demand for good i that would result if the consumer were compensated to stay in the same indifference curve (and s ij were constant). 5 In this particular case the compensated change in the demand for good 1 is adjusted by 1/ (1 − γ) to take into account the effect of foreign demand for good 1. For interpreting the right-hand side, it is important to recall why the consumer's marginal utility of income, λ, differs from the social marginal utility of income, α. The reason is that an additional dollar given to the consumer increases his utility in 5 Samuelson ( 1951) .
two ways: a direct effect captured by λ (the consumer has more income to spend) and an indirect effect captured by the second term in α (the additional expenditure increases revenue). As usual, µ represents the shadow cost (in terms of utility) of raising an additional dollar of revenue and, therefore, the term (µ − α) measures the marginal excess burden of the tax, the benefit of switching from optimal indirect taxes to lump-sum taxes. In general, if revenue is positive, (µ − α) ≥ 0. 6 , 7
When γ = 0, the optimal solution suggests setting taxes in such a way that an equiproportional reduction in the demand for all goods is attained. When γ > 0, the optimal solution implies a higher proportion in the demand reduction of good 1.
In the case of good 1, the first order condition show that the marginal excess burden per dollar of revenue raised is (µ − α (1 − γ)) /µ (1 − γ), which is greater than (µ − α) /µ, the marginal excess burden from taxing goods 2 and 3. The intuition behind this result is very simple, a fraction of the excess burden imposed by taxing good 1 is borne by foreign consumers and, therefore, the government should tax good 1 proportionally more than goods 2 and 3.
The three first order conditions can be stacked to have the following system of equations:
where e S is a modified Slutsky matrix excluding good zero (necessities), t is the tax vector, M is a diagonal matrix, and x is the commodity vector. 8 Again, the optimal taxes can be obtained 6 The Slutsky matrix is negative semidefinite. Using this property it can be shown that µ−α µ ≥ 0 and
≥ 0 when revenue is positive.
7 Additionally, if revenue is nondecreasing in income, µ ≥ λ.
s 22 s 32
by inverting the modified Slutsky matrix and multiplying both sides of (17) by e S −1 :
Assuming that only cross-effects with respect to good 3 are zero (a similar but weaker assumption than the one made to obtain the Ramsey inverse elasticity rule), we have: 9 
and
Obviously, in the case in which s 12 = s 21 = 0 and γ = 0 we get the Ramsey inverse elasticity rule as the optimal solution (equations (9a)). If we keep the zero cross-effects assumption but γ > 0 the solution is the same as before for t 2 and t 3 , but the proportionality factor of t 1 is bigger. In the extreme case in which γ = 1, the optimal t 1 is not proportional but equal to
, which is the highest point on the Laffer curve for that tax. Therefore, under the no cross-effects assumption a higher level of γ implies a higher tax on good 1. 9 In this case the matrixS becomes:
Now, going back to the case in which s 12 = s 21 6 = 0, we can see from the solution that a change in γ has a direct effect on the optimal tax for goods 1 and 2 and an indirect effect, through µ and α, on the optimal taxes of all goods. The direct effect of γ on tax 1 implies that t 1 is an increasing function of γ. This effect means that if γ increases and µ, α, and s ij remain constant, then the optimal t 1 will increase. The intuition, again, is that if a bigger fraction of the excess burden of the tax is borne by foreigners then the government can raise the same revenue as before imposing a higher burden on good 1. The direct effect of γ on t 2 is ambiguous and depends on the sign of s 21 . If goods 1 and 2 are substitutes (complements), s 21 will be positive (negative) and the optimal t 2 will increase (decrease) if γ increases.
Let consider now the indirect effects of the change in γ on the tax rates through α and µ.
The effect of γ on µ should be negative. Recall that µ represents the marginal cost of raising an additional dollar of revenue, then this cost should be lower when γ increases because a bigger fraction of the excess burden is borne by foreign consumers. The change in γ has direct and indirect effects on α. The direct effect (change in α when γ changes, assuming everything else constant) is positive 10 , which means that the marginal social utility of income increases when the fraction of good 1 purchases by foreign consumers increases. The indirect effects on α are less obvious and it is difficult to know the sign of them. There are indirect effects through µ and λ. The effect through λ should be negative assuming that the marginal utility of income is a decreasing function of income and, as it was already discussed, the effect through µ should be also negative. Therefore, the total effect of γ on α is ambiguous (the direct effects is positive and the indirect effects should 10 Taking µ, λ and t as constants:
Finally, the net effect of a change in γ on t 1 is ambiguous, because the direct effect is positive and the indirect effects are ambiguous. In general, it is difficult to know the sign of the effects of a change in γ in all tax rates. Intuitively, we can think that a change in γ will affect the tax rate on good 1 directly, and given that the amount of revenue to be collected is constant, the tax rates on the other two goods should change too. Even if we know the sign of the effect on t 1 , it is still not clear what would happen with the other tax rates. If the government, for example, increases t 1 as a result of an increase in γ, the total revenue would increase. Hence, to keep revenue constant it can then either decrease the other two tax rates or increase one and decrease the other one. 11
Consider now the ratio of two tax rates:
, and the sign of the indirect effects through µ and α are ambiguous. Therefore, the sign of the total effect is indeterminate. If
we look now at expression (22), we can see that the direct effect of an increase in γ is positive 14 , which means that the tax rate on good 1 would increase relative to the tax rate on good 3. Again, it is difficult to know the sign of the indirect effects through µ and α. We know that the effect on α is positive 15 and the effect on the term α (1 − γ) is negative. 16 However, the sign of the total effect is again indeterminate.
Equations (21) and (22) are obviously ratios of two tax rates and tax rates are positive numbers, therefore, both ratios must be positive. However, equations (21) and (22) can be estimated having in the regressions. Let's call this coefficient β and consider the implications of its sign.
In the case of equation (21) we would have that:
14 The term (ε 11 ε 22 − ε 21 ε 12 ) is positive because the matrixS is negative semidefinite. 15 Taking µ, λ and t as constants: (15) by (1 − γ) and keeping λ, µ, and t constant:
After some manipulation we have, (24) can be satisfied only if (ε 12 + βε 11 ) and (ε 22 + βε 21 ) have the same sign. Furthermore, given that
it is also needed that |ε 12 + βε 11 | > |ε 22 + βε 21 |. There can be two cases then:
Case 1:
ε 12 + βε 11 > 0 and ε 22 + βε 21 > 0. The former condition implies that if β > 0 then ε 12 > 0 and if ε 12 < 0 then β < 0. 17 The latter condition implies that sign {ε 21 } = sign {β}.
Case 2:
ε 12 + βε 11 < 0 and ε 22 + βε 21 < 0. The former condition implies that if β < 0 then ε 12 < 0.
Now, in the case of equation (22), given that the denominator of the right hand-side is positive,
we have:
After some manipulation,
which implies that if β < 0 then ε 12 < 0 and |ε 12 | > |ε 22 |. If ε 12 > 0 then β > 0.
Given that ε 22 < 0, condition (27) implies that sign {ε 12 } = sign {β}.
Finally, recall that ε 12 is the compensated elasticity of consumption with respect to personal income taxes and ε 21 is the compensated elasticity of labor with respect to the sales tax. If labor and consumption are complements these elasticities should both be negative, which implies that a negative β should be expected from the regressions.
Alternatively, for analyzing the ratio of two taxes we could use the fact that P j=0 p j s ij = 0, in which case expressions (21) and (22) can be rewritten as:
As can be seen from expression (28), when γ = 0 we have the standard result (Corlett and Hague (1953) and Harberger (1964) ) that the government should set a higher tax on the good that is the relative complement of the numeraire (ε i0 is smaller). When γ > 0, we have a weighted sum of compensated elasticities and it is less clear which tax rate should be higher. Now, we can have the case in which ε 10 is smaller than ε 20 , for example, and still have a higher tax rate on good 2. 18 In general, governments set not only statutory tax rates but also tax bases and for this reason 18 When γ = 0 , ε10 < ε20 implies t1 > t2.
effective tax rates usually differ from the statutory ones. As a way of also capturing the effect of the tax base on the optimal solution of the state government problem, it may be useful to consider the optimal solution in terms of revenues. Multiplying equations (16a) and (16b) by x 1 x 2 x 3 / (1 − γ) and solving the system as before, we obtain:
where R i is the total revenue collected from taxing good i. Then, the ratio of revenues that are collected from two taxes can be expressed as:
The optimal ratio is now slightly different. The expression in brackets is identical as the one obtained when considering the ratio of two tax rates (see equation (21)), but now it is multiplied by the ratio of total expenditures on the two taxed goods. The effect of this modification is quite straightforward, the optimal revenue to be collected from one good with respect to another one will be greater the bigger the relative total expenditures on that good are. Consider equation (31) for example, the optimal solution of tax rates may imply a higher tax on good 1 than on good 2, but if total expenditures on good 2 are bigger than on good 1, it is possible that the optimal revenue collected from good 1 be lower than the one collected from good 2.
Again, using P j=0 p j s ij = 0, expressions (31) and (32) can be rewritten as:
As before, the optimal ratio of revenues is now multiplied by the ratio of total expenditures on each good. The analysis with respect to the expression in brackets is obviously the same as in the case of tax rates and the term multiplying it is not directly affected by a change in γ, so as a first order approximation it can be considered constant.
Data
I collected fiscal, economic and demographic data for the 50 U.S. states over the period 1980-1998. Table 1 shows the summary statistics of these data.
All the tax rates variables (sales tax rate, corporate tax rate, and personal tax rate) are statutory state tax rates. In the case of corporate income and personal income taxes I use the top statutory tax rate. However, it is not always clear what the statutory tax rate is and I had to use my judgment to define one. In the case of personal income taxes there are two circumstances in which this happens. First, some states tax personal income using a percentage of the federal income tax liability, in which case I multiply that percentage by the top statutory federal tax rate to obtain the One of the difficulties of estimating the effects of one tax on another one within the same state is that state governments set all taxes simultaneously. Therefore, the sales tax rate, for example, is correlated with the error term in the tax setting equation of the other taxes. A potential solution for this problem is the use of instrumental variables. In this particular case, for identifying the effects of each tax on one another it would be necessary to have at least on instrument for each tax, which is a hard task. In the theoretical analysis I used γ, the fraction of total consumption by foreign citizens in each state, as a variable that would affect the sales tax rate directly but not the other taxes. A reliable measure of γ can be a suitable instrument if it is highly correlated with the sales tax (rate or fraction of revenue) and not correlated with unobserved variables that determine personal and corporate income taxes. As a proxy for γ I use the variable Fraction GSP Hotel, which is the fraction of the state gross product that corresponds to the hotels and lodging industry (SIC code 70), according with the Bureau of Economic Analysis. 20 The use of the fraction of GSP that comes from lodging as an instrumental variable for the sales tax allows identifying the effects of the sales tax on personal and corporate income taxes. 21 20 There exist some alternatives proxies for the state sales to foreign citizens that I could not use. The Travel Industry Association of America, for example, calculates the impact of international visitor spending on state economies, but it is available for only few years. The Census Bureau reports the number of visitors each state receives, but is available only for some states and also for few years. 21 One potential concern with the use of this instrument is that the fraction of GSP from hotels and lodging can be capturing several things non related at all with the actual number of visitors or the expenditures of foreign citizens in each state. As a way to explore this possibility I ran a regression using the fraction of GSP from lodging as a dependent variable and the other measures described in the previous footnote (international travel expenditures, number of international visitors) for which I have few observations. The results show that the fraction of GSP from hotels is not only strongly and positively correlated with these alternative measures, but it also explains around 45% of the variation. The results of these regressions are shown in the Appendix. Table 2 shows the results of estimating the relationship between the corporate income and sales tax rates. The first column shows the results when OLS state fixed-effects are used for the estimation. The coefficient of the sales tax rate is positive and significant. The elasticity of the corporate tax rate with respect to the sales tax rate is, at mean values, 0.2. The second column shows the results of estimating the same equation when instrumental variables are used. As can be seen from the table, when the endogeneity of the sales tax rate is taken into account in the estimation the coefficient changes dramatically. Even though the coefficients of most of the variables are very similar as before, now the coefficient of the sales tax rate is negative and significant. Evaluated at mean values, now the elasticity of the corporate tax rate with respect to the sales tax rate is −0.306. Hence, a one percent increase in the sales tax rate of a state is associated with a roughly one-third percent decrease in the corporate income tax rate of the same state, ceteris paribus.
Results

Tax Rates
The variable income per capita is negative and significant, showing that states where the population is richer have lower corporate income taxes. Evaluated at mean values, a one percent increase in income per capita is associated with a 0.52 percent decrease in the corporate tax rate. The coefficient of unemployment is positive and non-significant. My prior was a negative sign for this variable because states with high unemployment rates may want attract investment to generate more jobs. It is possible that this effect might be captured by the poverty rate, which is negative and significant. A one percent increase in the poverty rate of a state is associated, at mean values, with a 0.085 percent decrease in the corporate tax rate of the state. tives to hit the limits every year and the data is showing that the states with limits do increase taxes to reach the limit every year. A second possible explanation is that the regression is mainly capturing the cross-sectional variation of these limits because they do not vary much over time.
It is quite reasonable to think that these limits on the growth of expenditures and revenues were imposed primarily in states with higher taxes and, therefore, the regression is showing this positive cross-sectional correlation between taxes and statutory limits. 22 The variable balanced budget, even though not significant, has a positive coefficient as I expected. If the legislature of a state must pass a balance budget it has to either increase taxes or reduce expenditures, which implies a non-negative correlation with tax rates.
The coefficient of population is negative and non significant. Population usually captures the level of business activity and therefore it might be considered a proxy for the base of the tax in this case. A negative sign then, shows that an increase in the tax base is associated with a decrease in the tax rate (the causality could go either way of course). Table 3 shows the results of estimating the relationship between the personal income tax rate and the sales tax rate. When OLS fixed effects are used for the estimation, the coefficient on the sales tax rate is positive but statistically non significant. The elasticity of the personal tax rate with respect to the sales tax rate, calculated at mean values, is 0.06. If instrumental variables 22 This explanation opens the possibility that these limits be endogenous and, therefore, the estimated coefficients in the regression are biased. Several of these limits are constitutional limits and were imposed more than 50 years ago, so they are probably not correlated with the tax rates of the last 15 years. Nevertheless, I estimated the same regression without using the budget limit dummies as a comparison and the results were very similar. are used instead, the coefficient becomes negative and significant. Evaluated at the means, the elasticity of the personal tax rate with respect to the sales tax rate is −0.466. Consequently, a one percent increase in the sales tax rate of a state is associated with a roughly half percent decrease in the personal income tax rate, ceteris paribus. The effects of unemployment and poverty are significant and with opposite signs. Higher unemployment rates are associated with higher personal tax rates and higher poverty rates with lower ones. The magnitude of the effects is small, a one percent increase in the unemployment rate and a one percent increase in the poverty rate are related to a 0.09 percent increase and a 0.0004 percent decrease in the personal tax rate respectively.
Expenditure Limit is the only budget limit variable that is significant at 5%. Its coefficient is positive, as in the case of corporate income taxes, showing that states with statutory requirements that limit their annual growth of expenditures tend to have higher personal tax rates. The variable Revenue Limit is positive but significant only at 10% and Balanced Budget is negative but non significant.
The variable Elder 65 has the expected sign, states with higher fractions of elder people in the population have higher personal taxes, but it is not significant. The coefficient on population is positive, non significant at 5% but statistically significant at 10%. A one percent increase in the state population is related to a 0.03 percent increase in the personal tax rate. The effect is then the opposite as the one on corporate taxes, a higher level of business activity is related to higher personal tax rates. Table 4 shows the first-stage regression of the instrumental variables regressions (the first-stage regression is identical for the two instrumental variables regressions shown in the second column of tables 2 and 3).
The variable Fraction GSP Hotel is positive as expected and significant, showing that a higher fraction of the state product corresponding to hotels and lodging is associated with higher sales tax rates. A one percent increase in the fraction of the GSP corresponding to hotel and lodging is related to a 0.034 percent increase in the sales tax rate of the state. If this variable is a good proxy for the fraction of consumption of foreign citizens in the state, this result is consistent with some empirical findings of the tax competition literature. If a neighbor of state i, say state j, increases its sales tax rate, the citizens of state j will engage in cross-border shopping with state i and this will increase the fraction of consumption by foreign citizens in state i. As a result, state i can now increase its sales tax rate to collect some extra revenue, reduce some other taxes, and somehow "export" some of the burden of its taxes.
The coefficient of the fraction of elder people is negative and significant, confirming the intuition that states with a higher fraction of elder people in the population have lower sales tax rates. The magnitude of the impact is quite important, a one percent increase in the fraction of the population older than 65 years old is associated, at mean values, with a 0.57 percent decrease in the sales tax rate.
The variable Grants Per Capita was never significant in any of the regressions and the results did not change when it was excluded, so I dropped it from the final specification. I also consider the following variables that might affect the tax setting decision of a state government: percentage of the state population voting democrat in the closest presidential election, the ratio of state debt to state product, state debt per capita, the fraction of the population that are high school graduates and, a dummy variable equal to one if the state has a statutory or constitutional provision requiring a supermajority voting to increase taxes. However, they were never significant and the results were basically identical if they were included or not.
Finally, it is important to mention that one concern with the use of tax rates as dependent variables is that they are bounded within zero and one. However, even if the sample contains 23 Over the whole period 1980-1998, there are five states (10% of the sample) with no sales tax, four (8% of the sample) with no corporate income tax, and nine (18% of the sample) with no personal income tax. Table 5 presents the results of estimating the relationship between the tax revenue per capita from corporate taxes and the tax revenue per capita from sales taxes. 24 When OLS are used for the estimation, the coefficient of the sales tax revenue per capita is negative but not significant. If instrumental variables are used to correct for the endogeneity of the sales tax revenue per capita, the coefficient is again negative, but statistically significant and almost twenty times bigger in absolute value. The elasticity, at mean values, between the corporate tax revenue per capita and the sales tax revenue per capita is −3.01 . Hence, a one percent increase in the sales tax revenue per capita is associated with a 3% decrease in the corporate tax revenue per capita. The mean values of corporate income and sales tax revenues per capita in the sample are $113 and $448 respectively. Therefore, a $4.5 increase in the sales tax revenue per capita is associated with a $3.4 reduction in the corporate income tax revenue per capita, everything else constant.
Tax Revenues
The coefficient for income per capita is positive and significant. The elasticity with respect to income per capita, at mean values, is 11.98. Hence, a one percent increase in the income per capita is associated with almost a 12% increase in the revenue per capita collected from corporate income taxes. The mean income per capita in the sample is $22,454 and the mean revenue per capita from corporate taxes is $113. Therefore, an increase of $225 in the income per capita of a state is associated, on average, with a $3.4 increase in the corporate taxes revenue per capita. The variables unemployment and poverty are both negative and statistically insignificant.
24 I also estimated the same regressions using the fractions of total state tax revenues collected from each tax. However, one of the concerns with the use of fractions of revenues is that there is an implicit constraint to be considered, which is that the fractions should add to one (given than I am omitting excise taxes from the analysis, the fractions add to less than one, but still the concern is a valid one). The results of the estimation are shown in the appendix. The coefficient for population is positive and significant, even though the magnitude of the effect is somewhat small. A one percent increase in the population of a state is associated, at mean values, with a 1.32% decrease in the revenue per capita that is collected using corporate taxes. The coefficient for unemployment is positive but non statistically significant. The coefficient for poverty is also positive, but significant. The positive relationship between poverty rate and the amount of revenue per capita collected from personal taxes might be due to redistributive purposes, even though the effect is somewhat small. A one percent increase in the poverty rate is associated with a 0.11 percent increase in the revenue per capita collected through personal income taxes.
The balanced budget dummy is positive and non significant. The expenditure and revenue limit The variable Elder 65 is negative but, contrary to what I expected, not significant. The coefficient for population is negative but also statistically not different from zero. Table 7 shows the first-stage regression of the instrumental variables regressions (the first-stage regression is again identical for the two IV regressions previously shown). The variable Fraction GSP Hotel is again positive, as expected, and significant, showing that a higher fraction of the GSP corresponding to hotels and lodging is correlated with higher sales tax revenues per capita. A one percent increase in the fraction of the GSP from hotels and lodging is associated with a 0.15 percent increase in the revenue per capita collected from sales tax.
The coefficient for the variable Elder 65 is negative and significant, showing that the revenue per capita collected from sales taxes is lower in states with a higher proportion of elder people in the population. A one percent increase in the fraction of the population older than 65 years old is associated, at mean values, with a 0.5 percent decrease in the revenue per capita that comes from sales taxes.
Conclusions
The empirical evidence in the literature has shown that the fiscal policy of a U.S. state is influenced by the fiscal policies of its neighbors. In the same way, it is natural to think that decisions regarding one instrument of fiscal policy influence the decisions regarding other available instruments within each state. Specifically, I think that state governments do not set taxes considering one tax at a time or each different tax based only on its own effects, but rather consider a full tax package, setting all taxes simultaneously. An important question then, is how one specific tax affects the other taxes within the same state. This paper attempts to address this question empirically. Using instrumental variables I estimate the effect of sales taxes on personal and corporate income taxes within a state. The results show that one percent increase in the sales tax rate is associated with a 0.47 and a 0.3 percent decrease in the personal and corporate income tax rates respectively. In terms of revenues, the results show that a one percent decrease in the revenue per capita collected from sales taxes is associated with a 3 and 0.9 percent increase in the revenue per capita collected from corporate and personal income taxes respectively. At mean values, the revenue results imply that an increase of $4.5 in the sales tax revenue per capita is associated with a decreased of $3.4 in the corporate income tax revenue per capita or a $3.63 decreased in the personal income revenue per capita.
The importance of these results is that they show not only that taxes are in fact interdependent within one jurisdiction, but also that state governments try to keep their expenditures constant and for that purpose they compensate the decline in revenues from one tax increasing the revenues from other taxes. A natural extension of this paper is to estimate the effects of all the three taxes among themselves, finding for this purpose suitable instruments for the corporate and personal income taxes. Even more interesting, though much more difficult, would be to also include excise taxes, which represent a non negligible fraction of state tax revenues.
Appendix A Figure 3 shows the average fraction of total state tax revenue collected from each of the same three taxes over the period 1980-1998. It seems that on average, states have been relying more on personal income taxes and less on corporate income taxes, while leaving the role of sales taxes relatively constant. 35 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 year fraction sales tax fraction personal tax fraction corporate tax Appendix B 1980, 1990, 1994, 1996 and 1997 .
The variable Visitors per capita contains data for 46 states for the years 1980, 1996, and 1998 (not all years for each state).
The models (3) and (4) are identical to models (1) and (2) respectively, but they are estimated using the same observations of model (5) to make the regressions comparable.
Appendix C Table 9 presents the results of estimating the relationship between the fraction of tax revenue from corporate taxes and the fraction of tax revenue from sales taxes.
The OLS elasticity of the fraction of corporate tax revenue with respect to the fraction of sales tax revenue is −0.51. The IV elasticity at mean values is −0.16, even though is not statistically different from zero. Table 10 presents the results of estimating the relationship between the fractions of total tax revenue collected from personal income taxes and sales taxes.
The OLS elasticity of the fraction of personal tax revenue with respect to the fraction of sales tax revenue is −0.45. The IV elasticity, calculated at mean values, is −0.83. Hence, a one percent increase in the fraction of tax revenue collected from sales taxes is associated with a 0.8 percent decrease in the fraction of tax revenue collected from personal taxes.
It is possible that this result explains why the effect of the fraction of revenue from sales tax on the fraction of revenue from corporate taxes is non significant. A large portion of the change in the fraction of revenue collected using sales taxes is compensated using personal taxes and, therefore, the effect on the fraction of revenue collected through corporate taxes is close to zero. 25 Table 11 shows the first-stage regression of the instrumental variables regressions (the first-stage regression is again identical for the two IV regressions previously shown).
The variable Fraction GSP Hotel is positive and significant. A one percent increase in the fraction of the GSP from hotels and lodging is associated, on average, with a 0.05 percent increase in the fraction of tax revenue collected from sales tax. 25 It is true that if the state government wants to keep the total tax revenue constant it has to fully compensate the increase or decrease in the fraction of taxes collected from sales taxes, but that can be done using, for example, excise taxes (which are not considered here). 
